Rat one-cell embryos recovered from naturally mated females were cultured in modified hamster embryo culture medium 1 without amino acids. In 
Introduction
It is very difficult to culture rat embryos beyond the two-cell to four-cell stage (Mayer and Fritz, 1974; Whittingham, 1975) .
Developmental blocks occur in vitro at specific stages according to the species in hamster (Yanagimachi and Chang, 1964;  Whittingham and Bavister, 1974; Bavister et al, 1983) , mouse (Cross and Brinster, 1973; Goddard and Pratt, 1983; Biggers, 1987) , bovine (Thibault, 1966) and pig (Davis and Day, 1978) embryos. Schini and Bavister (1988) reported that phosphate and glucose are responsible for the developmental block of hamster embryos at the two-cell stage in vitro. They obtained consistent development of hamster embryos in vitro beyond the two-cell and four-cell stages to the blastocyst stage in a modified Tyrode's medium that did not contain glucose and phosphate (Schini and Bavister, 1988; McKieman and Bavister, 1990 ; Bavister, 1990; Seshagiri and Bavister, 1991a) . This new medium, designated as hamster embryo culture medium 1 (HECM-1; Schini and Bavister, 1988) , was applied to the culture of rat (Kishi et al, 1991) and bovine (Pinyopummintr and Bavister, 1991; Kim et al, 1993) one-cell embryos in which development to the blastocyst stage was supported to a limited extent. However, it is not clear whether phosphate and glucose affect rat embryo development independently or in combi¬ nation. The present study was designed to examine this problem using HECM-1. Amino acids were removed from the medium, because it is not known whether the presence of particular amino acids affects each stage of development of mammalian embryos. As the osmolarity of culture medium plays an important role in development of mouse (Biggers and Brinster, 1965; Brinster, 1965; Whitten, 1971) and rabbit (Naglee et al, 1969; Maurer et al, 1970) embryos in vitro, the effects of the osmolarity were also examined.
Materials and Methods

Medium
The basic medium used for the culture of embryos com¬ prised 98.0 mmol NaCl 1, 3.2 mmol KC1 I"1, 2.0 mmol CaCl2 1, 0.5 mmol MgCl2 I"1, 25.0 mmol NaHC03 1, (Bavister, 1981) and has the same composi¬ tion as HECM-1, except that amino acids were omitted (Schini and Bavister, 1988) Bavister, 1991) , but was markedly blocked by glucose alone (Ellington et al, 1990; Kim et al, 1993 Bavister, 1989a, b) embryos, glucose together with phos¬ phate inhibits the development of eight-cell (Seshagiri and Bavister, 1989a, b) but not of four-cell (Monis and Bavister, 1990a) embryos. Phosphate in the presence of glucose inhibits the development of bovine one-cell (Pinyopummintr and Bavister, 1991) and pig one-cell and two-cell (Petters et al, 1990) embryos. In the present study, the development of rat one-cell embryos was completely blocked at the two-cell stage by phosphate; we could not therefore determine whether phosphate in the presence of glucose affects advanced stages of rat embryos. However, unlike hamster eight-cell embryos (Seshagiri and Bavister, 1989a, b) , Zhang and Armstrong (1990) reported that phosphate in the presence and absence of glucose does not affect the development of rat eight-cell embryos.
It has been suggested that the inhibition of embryonic development by phosphate and glucose is due to the 'Crabtree effect' (Crabtree, 1929) , that is phosphate and glucose stimulate cellular glycolysis and the enhanced glycolysis results in the inhibition of mitochondrial respiration in cultured embryos (Schini and Bavister, 1988; Seshagiri and Bavister, 1989a, b, 1991b (Magasanik, 1961) . However, these hypotheses do not hold true for rat embryos, because the addition of glucose did not inhibit, but rather stimulated, the development of embryos. Furthermore, increasing the phosphate concen¬ tration in the medium, which would be expected to over¬ come the Crabtree effect (Koobs, 1972) , failed to obviate the inhibition to development in this study.
In the study reported here, a large proportion of rat one-cell embryos developed to the morula (57-60%) and blastocyst (23-49%) Bavister, 1990) , clear osmolar dependency is reported in mice with the optimum ranges of 250-280 mosmol for one-cell (Whitten, 1971) and [272] [273] [274] [275] [276] [277] [278] [279] [280] mosmol for two-cell (Biggers and Brinster, 1965; Brinster, 1965) embryos.
In the study reported here, the osmolarity of the medium was varied by adjusting the concentration of NaCl. 
